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(54) RADIO DEVICE AND TRANSMITTING/RECEIVING METHOD 



(57) At the time of ordinary communication, up- 
mixer 108 combines a signal with a frequency 22 from 
frequency synthesizer 1 24 with I and Q signals for trans- 
mission that are quadrature modulated in quadrature 
modulator 105, down-mixer 115 combines the signal 
with the frequency f2 with a received signal, then only in 
the case of receiving a signal with a frequency fr 1 differ- 
ent from a frequency fr, frequency synthesizer 125 that 
generates a signal with a frequency f3 different from the 
frequency f2 is operated, and frequency synthesizer 



125 and down-mixer 115 are connected with switch 
127, so that down-mixer 115 combines the signal with 
the frequency f3 with a received signal. It is thereby pos- 
sible to switch frequencies fast and with low current con- 
sumption in receiving a signal with a reception 
frequency other than a combination of transmission fre- 
quency and reception frequency specified in an ordi- 
nary radio system. 
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Description 

Technical Field 

[0001] The present invention relates to a radio 
apparatus used in a digital mobile communication sys- 
tem and the like, and more particularly, to a radio appa- 
ratus and transmission/ reception method used in a 
CDMA (Code Division Multiple Access) mobile commu- 
nication system. 

Background Art 

[0002] FIG.1 is a block diagram illustrating a config- 
uration of a conventional radio apparatus. The conven- 
tional radio apparatus illustrated in FIG.1 is used in a 
radio system such that a reception frequency is only 
switched to another frequency at the time a transmis- 
sion signal is transmitted so as to obtain a level meas- 
urement on a reception frequency channel that is 
different from an ordinary transmission/reception fre- 
quency combination and further obtain system control 
information. 

[0003] Radio apparatus 10 is provided with D/A 
converters 11 and 12 to which I channel data and Q 
channel data (hereinafter, respectively referred to as I 
data and Q data) is respectively input, low-pass filters 
13 and 14, quadrature modulator 15, gain control ampli- 
fier 1 6, band-pass filter 1 7, up-mixer 1 8, band-pass filter 
1 9, and power amplifier 20. Radio apparatus 1 0 is fur- 
ther provided with antenna duplexer 21 and antenna 22. 
Radio apparatus 10 is furthermore provided with low 
noise amplifier 23, band-pass filter 24, down-mixer 25, 
band-pass filter 26, gain control amplifier 27, quadrature 
demodulator 28, low-pass fitters 29 and 30, and A/D 
converters 31 and 32 that respectively output I data and 
Q data. Still furthermore, radio apparatus 10 is provided 
with transmission IF (intermediate) frequency synthe- 
sizer 33, transmission RF (radio) frequency synthesizer 
34, reception RF frequency synthesizer 35, and recep- 
tion IF synthesizer 36. 

[0004] The next explanation is given of the trans- 
mission processing operation in radio apparatus 10. 
[0005] I data and Q data to be transmitted is con- 
verted into respective analog signals in D/A converters 
1 1 and 12, subjected to low-pass filtering in low-pass fil- 
ters 13 and 14, and then converted in quadrature mod- 
ulator 15 into a signal with a transmission IF frequency 
using a signal generated from transmission IF fre- 
quency synthesizer 33, respectively. 
[0006] The converted signal with the transmission 
IF frequency is amplified in gain control amplifier 1 6 cor- 
responding to a control voltage, filtered in band-pass fil- 
ter 17 to pass a signal with a predetermined frequency 
band, and then converted in up-mixer 18 into a signal 
with a transmission RF frequency using a signal gener- 
ated from transmission RF frequency synthesizer 34. 
[0007] The converted signal with the transmission 



RF frequency is filtered in band-pass filter 19 to pass a 
signal with a predetermined frequency band, amplified 
in power amplifier 20, and output to antenna duplexer 
21 that separates a transmission frequency signal and 
5 reception frequency signal, whereby the radio signal is 
transmitted from antenna 22. 

[0008] The next explanation is given of the recep- 
tion processing operation in radio apparatus 10. 
[0009] A quadrature modulated signal with a recep- 

70 tion frequency received at antenna 22 is output to 
antenna duplexer 21 which separates a transmission 
frequency signal and reception frequency signal. The 
resultant signal is subjected to low noise amplification in 
low noise amplifier 23, filtered in band-pass filter 24 to 

15 pass a signal with a predetermined frequency band, 
and then converted in down-mixer 25 into a signal with 
a reception IF frequency using a signal generated from 
reception RF frequency synthesizer 35. 
[0010] The converted signal with the reception IF 

20 frequency is filtered in band-pass filter 26 to pass a sig- 
nal with a predetermined frequency band, amplified in 
gain control amplifier 27 corresponding to a control volt- 
age, subjected to quadrature demodulation in quadra- 
ture demodulator 28 using a signal generated in 

25 reception I F frequency synthesizer 36, and then demod- 
ulated to an I signal and Q signal. 
[0011] The I signal and Q signal are subjected to 
low-pass filtering In low-pass filters 29 and 30, and con- 
verted into respective digital signals in A/D converters 

30 31 and 32, respectively, whereby I data and Q data are 
output. 

[0012] It is herein assumed that a transmission RF 
frequency is ft, a reception RF frequency is fr, and that 
the ft and fr have a relationship of fr>ft. the transmission 

35 RF frequency and reception RF frequency are specified 
so that fr minus ft (fr-ft) is constant. 
[0013] Accordingly, assuming that a frequency of 
transmission IF frequency synthesizer 33 is f1, a fre- 
quency of transmission RF synthesizer 34 is f2, a fre- 

40 quency of reception RF synthesizer 35 is f3, and that a 
frequency of reception IF frequency synthesizer 36 is f4, 
the transmission RF frequency ft is expressed with f2-f 1 
or f2+f 1 , the reception RF frequency fr is expressed with 
f3-f4 or f3+f4, and f2 equals f3 (f2=f3 ) at the time of the 

45 ordinary operation where fr-ft is constant. 

[0014] When a signal is received which has a 
reception RF frequency fr* where fr-ft is not constant, 
i.e., when f2>f3 or f2<f3, the frequency of reception RF 
synthesizer 35 is switched corresponding to the recep- 

50 tion frequency f r" that is different from fr. In this case, a 
quadrature modulated signal with the reception fre- 
quency fr* received at antenna 22 is output to antenna 
duplexer 21 while being separated from a signal with the 
transmission frequency, subjected to low noise amplifi- 

55 cation in low noise amplifier 23, filtered in band-pass fil- 
ter 24 to pass a signal with a predetermined frequency 
band, and subjected to frequency conversion in down- 
mixer 25 using a signal with a frequency generated in 
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reception RF frequency synthesizer 35 corresponding 
to the reception frequency fr 1 so that the reception fre- 
quency is the same as a case that the reception IF fre- 
quency is fr. 

[0015] In the above-mentioned conventional appa- s 
rat us, however, when a signal is received which has a 
frequency different from usually specified one in a com- 
munication, it is necessary to fast switch a frequency of 
reception RF frequency synthesizer 35, and further to 
concurrently operate reception RF frequency synthe- 10 
sizer 35 and transmission RF frequency synthesizer 34, 
thereby resulting in a problem that current consumption 
becomes great. 

Disclosure of Invention is 

[0016] It is an object of the present invention to pro- 
vide a radio apparatus and transmission/reception 
method capable of performing frequency switching fast 
and with low current consumption in the case of receiv- 20 
ing a signal with a frequency different from ordinary 
specified one. 

[0017] This object is achieved by generating in a 
common frequency synthesizer a first frequency signal 
with a transmission frequency and reception frequency 25 
combined, generating in a reception frequency synthe- 
sizer a second frequency signal with a frequency differ- 
ent from that of the first frequency signal, combining in 
a transmission mixer the first frequency signal and 
quadrature modulated transmission I and Q signals, 30 
and at the time of ordinary communications, combining 
in a reception mixer the first frequency signal and a 
received signal, while only at the time of receiving a sig- 
nal with a frequency different from the first frequency, 
operating the reception frequency synthesizer to com- 35 
bine the received signal with the second frequency sig- 
nal. 

Brief Description of Drawings 

40 

[0018] 

FIG.1 is a block diagram illustrating a configuration 
of a conventional radio apparatus; 
FIG.2 is a block diagram illustrating a configuration 45 
of a radio apparatus according to a first embodi- 
ment of the present invention; 
FIG.3 is a block diagram illustrating a configuration 
of a radio apparatus according to a second embod- 
iment of the present invention; 50 
FIG .4 is a block diagram illustrating a configuration 
of a radio apparatus according to a third embodi- 
ment of the present invention; 
FIG.5 is a block diagram illustrating a configuration 
of a radio apparatus according to a fourth embodi- 55 
ment of the present invention; 
FIG. 6 is a block diagram illustrating a second con- 
figuration of a radio apparatus according to the 



fourth embodiment of the present invention; and 
FIG. 7 is a block diagram illustrating a third configu- 
ration of a radio apparatus according to the fourth 
embodiment of the present invention. 

Best Mode for Carrying Out the Invention 

[0019] Embodiments of the present invention are 
explained below with reference to accompanying draw- 
ings. 

(First embodiment) 

[0020] FIG.2 is a block diagram illustrating a config- 
uration of a radio apparatus according to the first 
embodiment of the present invention. Radio apparatus 
100 illustrated in FIG.2 is used for a mobile station 
apparatus and the like in a digital mobile communication 
system. 

[0021] Radio apparatus 100 is provided with D/A 
converters 101 and 102 to which I data and Q data is 
input respectively, low-pass filters 1 03 and 1 04, quadra- 
ture modulator 105, gain control amplifier 106, band- 
pass filter 107, up-mixer 108, band-pass filter 109, and 
power amplifier 110. Radio apparatus 1 00 is further pro- 
vided with antenna duplexer 111 and antenna 112. 
Radio apparatus 100 is furthermore provided with low 
noise amplifier 113, band-pass filter 114, down-mixer 
115, band-pass filter 116, gain control amplifier 117, 
quadrature demodulator 118, low-pass filters 119 and 
120, and A/D converters 121 and 122. Still furthermore, 
radio apparatus 1 00 is provided with transmission IF fre- 
quency synthesizer 123, transmission RF frequency 
synthesizer 124, reception RF frequency synthesizer 
125, reception IF frequency synthesizer 126, and switch 
127. 

[0022] Moreover, a local section 138 is comprised 
of transmission RF frequency synthesizer 124, recep- 
tion RF frequency synthesizer 125 and switch 127. A 
control signal A is provided to reception RF frequency 
synthesizer 125, and a control signal B is provided to 
switch 127. 

[0023] It is assumed in the following explanation 
that a transmission RF frequency is ft, a reception RF 
frequency isfr, a frequency of transmission IF frequency 
synthesizer 123 is f1, a frequency of transmission RF 
frequency synthesizer 124 is f2, a frequency of recep- 
tion RF frequency synthesizer 125 is f3, a frequency of 
reception IF frequency synthesizer 126 is f4, fr is larger 
than ft (fr>ft), the reception RF frequency fr equals f3 
minus 14 (fr=f3-f4 ), the transmission RF frequency ft 
equals f2 minus f1 (ft=f2-f1 ) that is an upper (upper 
limit side) local frequency structure, and a reception RF 
frequency fr* that is different from the frequency at the 
time of ordinary communication equals f3 minus f4 
(fr*=f3-f4 ) that is a lower (lower limit side) local fre- 
quency structure. In addition, the upper and lower are 
reversible. 
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[0024] The following explanation is given of the 
transmission processing operation in radio apparatus 
1 00 at the time of the ordinary communication where fr 
minus ft (fr-ft) is constant. I data and Q data to be trans- 
mitted is converted into analog signals in D/A convert- 
ers 101 and 102, subjected to low-pass filtering in low- 
pass filters 103 and 104, and then converted in quadra- 
ture modulator 105 into a signal with the transmission IF 
frequency f 1 using a signal with the frequency f 1 gener- 
ated in transmission IF frequency synthesizer 133, 
respectively. 

[0025] The converted signal with the transmission 
IF frequency is amplified in gain control amplifier 106 
corresponding to a control voltage, filtered in band-pass 
filter 107 to pass a signal with a predetermined fre- 
quency band, and then converted in up-mixer 1 08 into a 
signal with the transmission RF frequency ( ft=f 2-f 1 ) 
using a signal with the frequency f2 generated in trans- 
mission RF frequency synthesizer 124. 
[0026] The converted signal with the transmission 
RF frequency is filtered in band-pass filter 109 to pass a 
signal with a predetermined frequency band, and ampli- 
fied in power amplifier 110, and output to antenna 
duplexer 1 1 1 that separates a transmission frequency 
signal and reception frequency signal, whereby the 
radio signal is transmitted from antenna 112. 
[0027] The explanation is next given of the recep- 
tion processing operation in radio apparatus 100 at the 
time of the ordinary communication where fr minus ft (fr- 
ft) is constant. At this point, switch 127 connects recep- 
tion RF frequency synthesizer 124 and down-mixer 115 
according to the control signal B, and reception RF fre- 
quency synthesizer 125 is turned off with the control 
signal A. 

[0028] A quadrature modulated signal received at 
antenna 112 is output to antenna duplexer 111 which 
separates the transmission frequency signal and recep- 
tion frequency signal. The resultant signal is subjected 
to low noise amplification in low noise amplifier 113, fil- 
tered in band-pass filter 1 14 to pass a signal with a pre- 
determined frequency band, and then converted in 
down-mixer 115 into a signal with the reception IF fre- 
quency f4 (f4=f2-fr ) using a signal with the frequency f2 
generated in transmission RF frequency synthesizer 
124. 

[0029] The converted signal with the reception IF 
frequency f4 is filtered in band-pass filter 1 1 6 to pass a 
signal with a predetermined frequency band, amplified 
in gain control amplifier 1 1 7 corresponding to a control 
voltage, subjected to quadrature demodulation in quad- 
rature demodulator 118 using a signal with the fre- 
quency f4 generated in reception IF frequency 
synthesizer 126, and thereby demodulated to an I signal 
and Q signal. 

[0030] The I and Q signals are subjected to low- 
pass filtering in low-pass filters 119 and 120, and con- 
verted into respective digital signals in A/D converters 
121 and 122, respectively, whereby I data and Q data is 



output. 

[0031] The explanation is next given of the opera- 
tion of local section 138 when the apparatus receives a 
signal with the reception frequency fr' such that fr minus 

5 ft (fr-ft) is not constant, while transmitting a signal with 
the transmission RF frequency ft. 
[0032] Transmission RF frequency synthesizer 124 
in Local section 138 outputs a signal with the transmis- 
sion RF frequency ft such that fr minus ft is constant 

w using a signal with the frequency f2. 

[0033] Reception RF frequency synthesizer 125 is 
turned on with the control signal A, and generates a sig- 
nal with the frequency f3 such that f3 minus fr" equals f4 
(f4=f3-fr" ). Switch 127 is controlled with the control sig- 

15 nal B in synchronism with a timing at which a reception 
is started so as to connect reception RF frequency syn- 
thesizer 125 and down-mixer 115. 
[0034] Down-mixer 115 multiplies an output signal 
from band-pass filter 1 14 by a signal with the frequency 

20 f4 generated in reception RF frequency synthesizer 
125. 

[0035] Thus, when the ordinary communication is 
performed, a signal generated in transmission RF fre- 
quency synthesizer 1 24 is output to up-mixer 1 08, while 

25 being output to down-mixer 115 through switch 127. 
Then, only in the case of receiving a signal with a fre- 
quency different from that in the ordinary communica- 
tion, reception RF frequency synthesizer 125 is 
operated, and reception RF frequency synthesizer 125 

30 and down-mixer 115 are connected by switch 127. 
According to the foregoing, since it is only required to 
operate a single RF frequency synthesizer at the time of 
the ordinary communication, it is possible to reduce the 
current consumption as compared to the conventional 

35 case that requires two RF frequency synthesizers to be 
operated. 

(Second embodiment) 

40 [0036] FIG .3 is a block diagram illustrating a config- 
uration of a radio apparatus according to the second 
embodiment of the present invention. In addition, in 
radio apparatus 200 in FIG. 3, structural sections com- 
mon to radio apparatus 100 in FIG.2 are assigned the 
45 same reference numerals as in FIG.2 to omit the expla- 
nation thereof. 

[0037] A feature of the second embodiment is that 
the radio apparatus is provided with two reception sys- 
tems to enable itself to concurrently receive signals with 

50 different frequencies. 

[0038] Radio apparatus 200 illustrated in FIG.3 has, 
in addition to the configuration of radio apparatus 100 in 
FIG.2, antenna 201, band-pass filter 202, low noise 
amplifier 203, band-pass filter 204, down-mixer 205, 

55 band-pass filter 206, gain control amplifier 207, quadra- 
ture demodulator 208, low-pass filters 209 and 210, and 
A/D converters 211 and 212. Then, in radio apparatus 
200, down-mixer 205 is connected to switch 127, and 
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down-mixer 115 is connected to transmission RF fre- 
quency synthesizer 124. 

[0039] In the ordinary communication in which fr 
minus ft is constant, switch 127 connects transmission 
RF frequency synthesizer 1 24 and down-mixer 205 cor- s 
responding to the control signal B, and reception RF fre- 
quency synthesizer 125 is turned off with the control 
signal A. 

[0040] In this case, a quadrature modulated signal 
received at antenna 201 is filtered in band-pass filter w 
202 to pass a signal with a predetermined frequency 
band, subjected to low noise amplification in low noise 
amplifier 203, filtered in band-pass filter 204 to pass a 
signal with a predetermined frequency band, and then 
converted in down-mixer 205 into a signal with the is 
reception IF frequency f4 (f4=f2-fr) using a signal with 
the frequency f2 generated in transmission RF fre- 
quency synthesizer 124. 

[0041] The converted signal with the reception IF 
frequency f4 is filtered in band-pass filter, 206 to pass a 20 
signal with a predetermined frequency band, amplified 
in gain control amplifier 207 corresponding to a control 
voltage, subjected to quadrature demodulation in quad- 
rature demodulator 208 using a signal with the fre- 
quency f4 generated in reception IF frequency 25 
synthesizer 126, and thereby modulated to a second I 
signal and second Q signal. 

[0042] The converted second I and Q signals are 
subjected to low-pass filtering in low-pass filters 209 
and 210, and converted into respective digital signals in so 
A/D converters 211 and 212, respectively, whereby sec- 
ond I data and second Q data is output. 
[0043] Since it is thereby possible for down -mixer 
1 15 and down-mixer 205 to use the same frequency as 
the reception RF frequency of which a signal is mutti- 35 
plied in each mixer, two reception systems can receive 
signals with the same frequencies, and thereby can per- 
form reception diversity. 

[0044] The explanation is next given of the opera- 
tion of local section 138 when the apparatus receives a 40 
signal wfth the reception frequency fr* that is different 
from a frequency in the ordinary communication, while 
transmitting a signal with the transmission RF frequency 
ft 

[0045] Transmission RF frequency synthesizer 124 45 
in Local section 138 outputs a signal with the transmis- 
sion RF frequency ft such that fr minus ft is constant 
using a signal with the frequency f2. 
[0046] Down-mixer 115 multiplies an output signal 
from band-pass filter 1 1 4 by a signal with the frequency so 
f2 generated in transmission RF frequency synthesizer 
124. in the same way as the operation in the ordinary 
commination in which fr minus ft is constant. 
[0047] Reception RF frequency synthesizer 125 is 
turned on with the control signal A, and generates a sig- 55 
nal with the frequency f3 such that f3 minus f r* equals f4 
(f4=f3-fr' ). Switch 127 is controlled with the control sig- 
nal B in synchronism with a timing at which a reception 
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is started so as to connect reception RF frequency syn- 
thesizer 125 and down-mixer 205. 
[0048] Down-mixer 205 multiplies an output signal 
from band-pass filter 204 by a signal with the frequency 
f4 generated in reception RF frequency synthesizer 
125. 

[0049] Thus, a plurality of reception systems is pro- 
vided and one of the reception systems is configured in 
the same way as in the first embodiment, whereby it is 
possible to improve reception characteristics by per- 
forming diversity reception at the time of the ordinary 
communication, and further to decrease the current 
consumption. 

[0050] In addition, it may be possible to connect 
down-mixer 1 15 to switch 127 in the same way as in the 
first embodiment and further connect down-mixer 205 to 
transmission RF frequency synthesizer 124, which is 
capable of operating in the same way as in the above 
configuration. 

(Third embodiment) 

[0051] A feature of the third embodiment is to ena- 
ble two reception systems to concurrently receive sig- 
nals with frequencies different from the frequency in the 
ordinary communication. 

[0052] FIG .4 is a block diagram illustrating a config- 
uration of a radio apparatus according to the third 
embodiment of the present invention. In addition, in 
radio apparatus 300 in FIG.4, structural sections com- 
mon to radio apparatus 200 in FIG.3 are assigned the 
same reference numerals as in FIG.3 to omit the expla- 
nation thereof. 

[0053] Radio apparatus 300 illustrated in FIG.4 has 
switch 301 of which the switching is controlled with the 
control signal B, in addition to the configuration of radio 
apparatus 200 in FIG.3, where down-mixer 1 15 is con- 
nected to switch 127, and down-mixer 205 is connected 
to switch 301. 

[0054] In such a configuration, the operation in 
radio apparatus 300 at the time of the ordinary commu- 
nication where fr minus ft is constant is the same as that 
in radio apparatus 200 explained in the second embod- 
iment. 

[0055] The explanation is next given of the opera- 
tion of local section 1 38 when the apparatus receives a 
signal with the reception frequency fr* that is different 
from a frequency in the ordinary communication, while 
transmitting a signal with the transmission RF frequency 
ft. 

[0056] Transmission RF frequency synthesizer 124 
in Local section 1 38 outputs a signal with the transmis- 
sion RF frequency ft such that fr minus ft is constant 
using a signal with the frequency f2. 
[0057] Reception RF frequency synthesizer 125 is 
turned on with the control signal A, and generates a sig- 
nal with the frequency f3 such that f3 minus fr 1 equals f4 
(f4=f3-fr' ). Then, with the control signal B in synchro- 



5 



BNSDOCID: <EP 1083673A1J_> 



9 



EP 1 083 673 A1 



10 



nism with a timing at which a reception is started, switch 
127 is controlled to connect reception RF frequency 
synthesizer 125 and down-mixer 115, and switch 301 is 
controlled to connect reception RF frequency synthe- 
sizer 1 25 and down-mixer 205. 5 
[0058] Down-mixer 115 multiplies an output signal 
from band-pass filter 1 14 by a signal with the frequency 
f4 generated in reception RF frequency synthesizer 
125, and down-mixer 205 multiplies an output signal 
from band-pass filter 204 by the signal with the fre- w 
quency f4 generated In reception RF frequency synthe- 
sizer 125. 

[0059] Thus, a plurality of reception systems is pro- 
vided and all of the reception systems are configured in 
the same way as in the first embodiment, whereby it is 15 
possible to improve reception characteristics by per 
forming diversity reception also at the time of receiving 
a signal with a frequency different from that in the ordi- 
nary communication besides at the time of the ordinary 
communication. 20 

(Fourth embodiment) 

[0060] FIG. 5 is a block diagram illustrating a config- 
uration of a radio apparatus according to the fourth 25 
embodiment of the present invention. In addition, in 
radio apparatus 400 illustrated in FIG.5, structural sec- 
tions common to radio apparatus 100 in FIG.2 are 
assigned the same reference numerals as in FIG.2 to 
omit the explanation thereof. Radio apparatus 400 ilius- 30 
trated in FIG.4 has symbol inverting circuit 402 in addi- 
tion to the configuration of radio apparatus 1 00 in FIG.1 . 
[0061] The operation of radio apparatus 400 at the 
time of the ordinary communication where fr minus ft is 
constant is the same as that in radio apparatus 100 35 
except that symbol inverting circuit 401 is set to its non- 
inverting state with the control signal B. 
[0062] The explanation is next given of the opera- 
tion of local section 138 when the apparatus receives a 
signal with the reception frequency fr* such that f r minus 40 
ft is not constant, while transmitting a signal with the 
transmission RF frequency ft. 

[0063] Transmission RF frequency synthesizer 124 
in Local section 138 outputs a signal with the transmis- 
sion RF frequency ft such that fr minus ft is constant 45 
using a signal with the frequency f2. 
[0064] Reception RF frequency synthesizer 125 is 
turned on with the control signal A, and generates a sig- 
nal with the frequency f3 such that f3 minus f r* equals f4 
(f4=f3-fr* ). Switch 127 is controlled with the control sig- so 
rial B in synchronism with a timing at which a reception 
is started to connect reception RF frequency synthe- 
sizer 125 and down-mixer 115. 

[0065] Down-mixer 115 multiplies an output signal 
from band-pass filter 1 1 4 by a signal with the frequency 55 
f4 generated in reception RF frequency synthesizer 
125. 

[0066] At this point, symbol inverting circuit 401 is 



set to its inverting state with the control signal B. 
[0067] Thus, since symbol inverting circuit 401 is 
provided in addition to the configuration of the first 
embodiment, it is possible to adopt a large frequency 
difference between the frequency f2 of transmission RF 
frequency synthesizer 124 and the frequency f3 of 
reception RF frequency synthesizer 125. Therefore, in 
addition to obtaining the same effect as in the first 
embodiment, it is possible to reduce the intermodulation 
between the f2 and f3 when the frequency. synthesizers 
124 and 125 concurrently operate. 
[0068] In addition, the fourth embodiment may be 
combined with any of the second embodiment and third 
embodiment 

[0069] That is, as radio apparatus 500 in FIG.6, the 
configuration of radio apparatus 400 in FIG. 5 is given 
antenna 201 , band-pass filter 202, low noise amplifier 
203, band-pass filter 204, down-mixer 205, band-pass 
filter 206, gain control amplifier 207, quadrature demod- 
ulator 208. low-pass filters 209 and 210. A/D converters 
211 and 212, and symbol inverting circuit 402. Then, in 
radio apparatus 500, down-mixer 205 is connected to 
switch 127, and down-mixer 1 15 is connected to trans- 
mission RF frequency synthesizer 124. It is thereby 
possible for two reception systems to receive signals 
with the same frequencies to perform antenna diversity. 
[0070] Further, as radio apparatus 600 in FIG.7, it 
may be possible to add switch 301 of which the switch- 
ing is controlled with the control signal B to the configu- 
ration of radio apparatus 500 in FIG.6, connect down- 
mixer 115 to switch 127, and further connect down- 
mixer 205 to switch 301. It is thereby possible to 
improve reception characteristics by performing diver- 
sity reception also at the time of receiving a signal with 
a frequency different from that in the ordinary communi- 
cation besides at the time of the ordinary communica- 
tion. 

[0071] As explained above, according to the radio 
apparatus and transmission and reception method of 
the present invention, it is possible to switch frequencies 
fast and with low current consumption in receiving a sig- 
nal with a reception frequency other than a 

Claims 

1 . A radio apparatus comprising a function of combin- 
ing a first frequency signal generated in a common 
frequency synthesizer with a quadrature modulated 
I signal and a quadrature modulated Q signal, while 
combining the first frequency signal with a received 
signal at a time of an ordinary communication, and 
combining, at another time of receiving a signal with 
a frequency different from that of the first frequency 
signal, a received signal with a second frequency 
signal, generated in a reception frequency synthe- 
sizer, with the frequency different from that of the 
first frequency signal. 



6 



): <EP 1083673A1.J_> 



11 



EP 1 083 673 A1 



12 



2. A radio apparatus comprising: 

a common frequency synthesizer that gener- 
ates a first frequency signal with a frequency 
comprised of a combination of a transmission 5 
frequency and a reception frequency; 
a reception frequency synthesizer that gener- 
ates a second frequency signal with a fre- 
quency different from that of the first frequency 
signal, and operates only in receiving a signal 10 
with a frequency different from that of the first 
frequency signal; 

a transmission mixer that combines the first fre- 
quency signal with a quadrature modulated I 
signal and a quadrature modulated Q signal 15 
each for transmission; 

a reception mixer that combines a received sig- 
nal with the first frequency signal or the second 
frequency signal; and 

a switch that connects said common frequency 20 
synthesizer and said reception mixer, while 
connecting said reception frequency synthe- 
sizer and said reception mixer only in receiving 
the signal with the frequency different from that 
of the first frequency signal. 25 



The radio apparatus according to claim 2, wherein 
said apparatus comprises another reception circuit 
having a second reception mixer that combines the 
first frequency signal with another received signal 30 
at another antenna to perform diversity reception. 

The radio apparatus according to claim 3, further 
comprising: 



4. 



5. 



35 

a second switch that connects the common fre- 
quency synthesizer and the second reception 
mixer, while connecting the reception fre- 
quency synthesizer and the second reception 
mixer only in receiving the signal with the fre- ao 
quency different from that of the first frequency 
signal. 

The radio apparatus according to claim 2, further 
comprising: 45 



first symbol inverting means for inverting a 
symbol of I data obtained by subjecting a signal 
combined in the reception mixer to quadrature 
demodulation and then to A/D conversion; and 
second symbol inverting means for inverting a 
symbol of Q data obtained by subjecting a sig- 
nal combined in the reception mixer to quadra- 
ture demodulation and then to A/D conversion. 



50 



55 



6. 



The radio apparatus according to claim 3, further 
comprising: 



third symbol inverting means for inverting a 
symbol of I data obtained by subjecting a signal 
combined in the second reception mixer to 
quadrature demodulation and then to A/D con- 
version; and 

fourth symbol inverting means for inverting a 
symbol of Q data obtained by subjecting a sig- 
nal combined in the second reception mixer to 
quadrature demodulation and then to A/D con- 
version. 

The radio apparatus according to claim 4, further 
comprising: 

first symbol inverting means for inverting a 
symbol of I data obtained by subjecting a signal 
combined in the reception mixer to quadrature 
demodulation and then to A/D conversion; 
second symbol inverting means for inverting a 
symbol of Q data obtained by subjecting a sig- 
nal combined in the reception mixer to quadra- 
ture demodulation and then to A/D conversion; 
third symbol inverting means for inverting a 
symbol of I data obtained by subjecting a signal 
combined in the second reception mixer to 
quadrature demodulation and then to A/D con- 
version; and 

fourth symbol inverting means for inverting a 
symbol of Q data obtained by subjecting a sig- 
nal combined in the second reception mixer to 
quadrature demodulation and then to A/D con- 
version. 

A communication terminal apparatus having a radio 
apparatus, said radio apparatus comprising: 

a common frequency synthesizer that gener- 
ates a first frequency signal with a frequency 
comprised of a combination of a transmission 
frequency and a reception frequency; 
a reception frequency synthesizer that gener- 
ates a second frequency signal with a fre- 
quency different from that of the first frequency 
signal, and operates only in receiving a signal 
with a frequency different from that of the first 
frequency signal; 

a transmission mixer that combines the first fre- 
quency signal with a quadrature modulated I 
signal and a quadrature modulated Q signal 
each for transmission; 

a reception mixer that combines a received sig- 
nal with the first frequency signal or the second 
frequency signal; and 

a switch that connects said common frequency 
synthesizer and said reception mixer, while 
connecting said reception frequency synthe- 
sizer and said reception mixer only in receiving 
the signal with the frequency different from that 
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of the first frequency signal. 

9. A transmission/reception method, wherein at a time 
of ordinary reception, a transmission mixer com- 
bines a first frequency signal with a quadrature 5 
modulated I signal and a quadrature modulated Q 
signal, said first frequency signal being generated 
in a common frequency synthesizer and having a 
frequency comprised of a combination of a trans- 
mission frequency and a reception frequency, and a io 
reception mixer combines the first frequency signal 
with a received signal, while at a time of receiving a 
signal w'rth a frequency different from that of the first 
frequency signal, a transmission mixer is operated 
to generate a second frequency signal with a fre- is 
quency different from that of the first frequency sig- 
nal, and said reception mixer combines the second 
frequency signal with a received signal. 
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